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Ceramic Honeycomb Structure Body and Method of Manufacturing the Same 
Technical Field 

The present invention relates to a ceramic honeycomb structure body 
in use for filters for collecting particles in exhaust gases from inner 
ccrribustion engines and boilers as well as catalyst bearers utilizing a 
catalyst to be used for chemical reactors, fuel cell reformers and the like, 
and relates to a method of manufacturing the same. 

Bac kground Art 

A ceramic honeycomb structure body 100 has been proposed, which has 
a configuration in which a plurality of porous honeycomb segments 2 each having 
a large number of circulation holes 102 are bound one another with an adhesive 
layer 3 interposed between each two neighboring porous honeycomb segments , 
as shown in Fig. 1. 

However, the ceramic honeycomb structure body 100 has the following 
problem with the adhesive layers 3. 

Specifically, cracks may occur in an interface between one of the 
honeycomb segments 2 and its corresponding one of the adhesive layers 3, 
stemming f ran an environment in which the ceramic honeycomb structure body 
100 is in heavy use. In such a case, cracks a at the early stage will develop 
into splits A, as shown in Fig. 2 . This causes reduction in adhesive strength. 
The ceramic honeycomb structure body 100 has the problem of this type. 

In addition , a step of adhering two honeycomb segments 2 and 2 , opposite 
to each other, in the course of manufacturing the ceramic honeycomb structure 
body 100 is configured : to apply adhesive to one 2b of the two adhesion surfaces 
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2a and 2b respectively of the two honeycomb segments 2 and 2 ; thereby to form 
the adhesive layer 3; thereafter to press the other 2a of the two adhesion 
surfaces 2a and 2b against the adhesive layer 3 ; to adhere the two honeyccrrib 
segments 2 and 2, as shown in Fig. 3 

Incidentally, in this adhering step, moisture movement w from the 
adhesive layer 3 to the honeycomb segment 2 through the adhesion surface 2b 
stems from the porosity of the honeycomb segment 2 . This moisture movement 
w forms an interface B with high adhesive strength (a shadowed part in the 
figure) between the adhesive layer 3 and the adhesion surface 2b. However, 
this moisture movement w forms an interface b with low adhesive strength 
between the other surface of the adhesive layer 3 and the adhesion surface 
2a, stermring from insufficient moisture. The ceramic honeycomb structure 
body 100 has another problem that the formation of this interface b with low 
adhesive strength reduces the overall adhesive strength of the adhesive layer 
3. 

With these problems taken into consideration, an object of the present 
invention is to provide a ceramic honeycomb structure body, whose adhesive 
layer is caused to have an improved adhesive strength by means of precluding 
cracks from developing into splits and by means of precluding moisture in 
the adhesive layer from moving to only one of the two opposed honeycomb 
segments 2, as well as a method of manufacturing the same. 

Disclosure of the Invention 

In order to achieve the object, a first characteristic of the present 
invention lies in a ceramic honeycomb structure body including a configuration 
in which a plurality of porous honeycomb segments are bound one another with 
an adhesive layer interposed between each two neighboring porous honeycomb 
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segments , where a plurality of protrusion portions fixed to one of the adhesion 
surfaces respectively of two honeycomb segments opposed to each other with 
the adhesive layer interposed between the two honeycomb segments are embedded 
into the adhesive layer. 

In a case where the two adhesion surfaces are designated respectively 
by a first and a second adhesion surf aces , protrusion portions may be fixed 
to any one of the first and the second adhesion surfaces , or may be fixed 
to both of the first and the second adhesion surfaces . Protrusion portions 
to be fixed to the first adhesion surface are not in contact with the second 
adhesion surface. Similarly, protrusion portions to be fixed to the second 
adhesion surface are not in contact with the first adhesion surface. 

According to the first characteristic of the present invention, 
development of cracks which have been caused in the adhesive is blocked by 
contact of the cracks with the protrusion portions . This prevents the cracks 
frcm developing into splits. 

In addition, the embedment of the protrusion portions into the 
adhesive layer means the existence of the adhesive layer between a group of 
the protrusion portions and an adhesion surface of a honeycomb segment 
opposite to the group of the protrusion portions. As a consequence, the 
adhesive layer is fabricated by sequentially forming thicker portions of the 
adhesive layer to be formed between the adhesion surfaces respectively of 
the two honeycomb segments and thinner portions of the adhesive layer to be 
formed between each of the protrusion portions and its corresponding part 
of the opposed adhesion surface. An interface with high adhesive strength 
appears between each of the thicker portions of the adhesive layer and its 
corresponding adhesion surface of one of the two honeycomb segments , between 
which the adhesive layer is formed. In addition, another interface with high 
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adhesive strength appeaxs between each of the thinner portions of the adhesive 
layer and it corresponding adhesion surface of the other of the two honeycomb 
segments. Which interface of the two turns into an interface with high 
adhesive strength depends on whether or not the interface absorbs the moisture 
existing in the adhesive layer. In thinner portions of the adhesive layer, 
the parts of the adhesion surface opposite to the protrusion portions absorbs 
more of the moisture existing in the adhesive layer, thus turning into 
interfaces with high adhesive strength. 

A second characteristic of the present invention lies in the ceramic 
honeycomb structure body including the first characteristic of the present 
invention, where the protrusion portions are fabricated of any one material 
selected out of inorganic materials and organic materials or of a combination 
of more than two materials selected out of the inorganic materials and the 
organic materials. 

According to the second characteristic of the present invention, 
materials for the protrusion portions can be selected depending on an 
environment in which the ceramic honeycomb structure body is used. 

In other words , in a case where the ceramic honeycomb structure body- 
is used in an environment under mild conditions , no specific limitation is 
imposed on the selection of materials for the protrusion portions. For 
example, organic materials such as plastic and rubber, materials which are 
the same as those used for the honeycomb segments and the adhesive, inorganic 
materials including other ceramics, metals and the like can be used for the 
protrusion portions. 

In a case where the ceramic honeycomb structure body is used in an 
environment under hard conditions (an environment involving the repetition 
of heating and cooling) , the protrusion portions are fabricated of the same 
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material as the honeycomb segments are fabricated in high density . This makes 
it possible to check thermal stress from occurring in the ceramic honey ccmb 
structure body. In addition,, since the protrusion portions are fabricated 
in high density, these protrusion protrusions can prevent the moisture 
existing in the adhesive layer from moving. 

A third characteristic of the present invention lies in the ceramic 
honeyccmb structure body including any one of the first and the second 
characteristics of the present invention, where the protrusion portions are 
fabricated so as to be 0 . lirm to 3 . Omm in thickness , and where the adhesive 
layer is formed in a way that the total of the thickness of each part of the 
adhesive layer in which to fix one of the protrusion portions and the thickness 
of the protrusion portion is 0.2mm to 4.0rrm. 

According to the third characteristic of the present invention if 
the total of the thickness of each of the parts of the adhesive layer to which 
to fix the protrusion portions respectively and the thickness of each of the 
protrusion portions is too large, this is not desirable since this makes the 
pressure loss of the honeycomb structure body larger. If the total of the 
thickness of each of the parts of the adhesive layer to which to fix the 
protrusion portions respectively and the thickness of each of the protrusion 
portions is too small, this is also not preferable since this reduces the 
adhesive strength . Each of the protrusion portions need to be at least 0 . lnm 
in thickness in order to preclude cracks from developing into splits. 

A fourth characteristic of the present invention lies in the method 
of manufacturing the ceramic honeycomb structure body including any one of 
the first to the third characteristics of the present invention, where the 
adhesive layer is formed by applying the adhesive to one of the adhesion 
surfaces respectively of the two honeycomb segments to be adhered to each 
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other, the adhesion surface to which to fix the protrusion portions, in a 
way that the protrusion portions are embedded into the adhesive, and 
thereafter the two honeycomb segments are adhered to each other by pressing 
the honeycomb segments against to each other, with the adhesive layer 
interposed between the honeycomb segments, in a direction which makes the 
gap between the opposing adhesion surfaces narrower. 

According to the fourth characteristic of the present invention, an 
interface with high adhesive strength is formed between each of the parts 
of the adhesive layer corresponding to each of the parts to which to fix the 
respective protrusion portions in a first of the two honeycomb segments, 
between which the adhesive layer is formed, and its corresponding part of 
the adhesion surface of a second honeycomb segment. This is because the 
protrusion portions preclude the moisture from moving to the first honeycomb 
segment on which to form the adhesive layer, and accordingly, when the first 
honeycomb segment is adhered to the second one, the moisture moves to the 
second one. In contrast to this, another interface with high adhesive 
strength is formed between the parts of the adhesive layer to which to fix 
no respective protrusion portions in the second honeycomb segment and its 
corresponding parts of the adhesion surface of the first honeycomb segment. 
This is because the moisture moves to the second honeycomb segment. 

In addition, a fifth characteristic of the present invention lies 
in the method of manufacturing the ceramic honeycomb structure body including 
the fourth characteristics of the present invention, where the protrusion 
portions are fixed to one of the two opposing adhesion surfaces and the other 
adhesion surface is formed so as to be flat, and where the adhesive layer 
is formed on the adhesion surface of the foimer adhesion surface. 

According to the fifth characteristic of the present invention, an 
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interface with high adhesive strength can be formed in an interface between 
each of the parts of the adhesive layer corresponding to each of the parts 
to which to fix the respective protrusion portions and its corresponding part 
of the latter adhesion surface, and, where an interface with high adhesive 
strength is formed between each of the parts of the adhesive layer 
corresponding to each of the spots to which to fix no respective protrusion 
portions and its corresponding part of the former adhesion surface . 

Furthermore, a sixth characteristic of the present invention lies 
in the method of manufacturing the ceramic honeycomb structure body including 
the fourth characteristics of the present invention, where the protrusion 
portions are fixed to both of the two opposing adhesion surfaces , and where 
the adhesive layer is formed respectively on each of the adhesion surface. 

According to the sixth characteristic of the present invention, the 
adhesion layers respectively on the adhesion surfaces are caused to abut to 
each other, and thereafter the adhesion layers are pressed against each other 
in a direction which makes the gap between the opposing adhesion surfaces 
narrower, accordingly enabling the two honeycomb segments to be adhered to 
each other. In this case, an interface with high adhesive strength to be 
formed on the adhesive layer is a part of the adhesion surface opposite to 
each of the protrusion portions with regard to the parts to which to fix the 
respective protrusion portions. An interface with high adhesive strength 
to be formed on the adhesive layer is a part of the adhesion surface to which 
the adhesive is applied with regard to the parts to which to fix no respective 
protrusion portions. 

Brief Description of the Drawings 

Fig. 1 is an explanatory view of a conventional ceramic honeycomb 
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structure body. 

Fig. 2 is a cross-sectional schematic view for explaining how a crack 
develops in the conventional ceramic honeycomb structure body. 

Fig. 3 is a cross-sectional view for explaining how an interface with 
high adhesive strength of the conventional ceramic honeycomb structure body 
is formed. 

Fig. 4A is a cross-sectional view of a ceramic honeycomb structure 
body as an embodiment of the present invention , and Fig. 4B is a 
cross-sectional view of a ceramic honeycomb structure body as another 
embodiment of the present invention. 

Figs. 5A, 5B and 5c are plan scheratic views respectively showing 
examples of arrangsnent of protrusion portions in an adhesion surf ace of the 
honeycomb segment according to the present invention. 

Figs. 6A, 6B and 6C are plan schematic views respectively showing 
other examples of arrangement of the protrusion portions in the adhesion 
surface of the honeycomb segment according to the present invention. 

Fig. 7A is a cross-sectional schematic view for explaining how a crack 
develops in the ceramic honeycomb structure body according to the present 
invention, and Fig. 7B is a cross-sectional schematic view for explaining 
an interface with high adhesive strength of the ceramic honeycomb structure 
body of the present invention. 

Figs . 8A and 8B are cross-sectional schematic views respectively for 
explaining how the interface with high adhesive strength of the ceramic 
honeycomb structure body according to the present invention is formed. 

Fig. 9 is a plan schematic view of a honeycomb segment constituting 
a honeycomb structure body as a test sample, which has been used for a 
shearing-strength measuring method. 
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Fig. 10 is a cross-sectional schematic view for explaining the 
shearing-strength measuring method. 

Figs. 11A and 11B are cross-sectional schematic views for explaining 
a three-point bending-strength measuring method. 

Best Modes for Carrying out: the Invention 

Descriptions will be provided exemplarily for best modes for carrying 
out the present invention. Note that constituent components which are the 
same as those illustrated in Figs . 1 to 3 are denoted by the same reference 
numerals, and accordingly brief descriptions will be provided for those 
constituent components . 

Fig. 4A shows a ceramic honeycomb structure body 1 as a first embodiment 
of the present invention. Fig. 4B shows a ceramic honeycomb structure body 
10 as a second embodiment of the present invention. Each of the ceramic 
honeycomb structure bodies 1 and 10 is configured by binding a plurality of 
porous honeycomb segments 2 to one another with an adhesive layer 3 interposed 
between each neighboring two of the porous honeyccnib segments 2 , which have 
a large number of circulation holes partitioned f rom one another by partition 
walls and penetrating through the honeycomb segments in their respective axial 
directions . 

In this case, a plurality of protrusion portions 4 fixed to one of 
adhesion surfaces 2a and 2b respectively of the two honeycomb segments 2 and 
2 , opposite to each other with the adhesive layer 3 interposed therebetween, 
are embedded into the adhesive layer 3. 

Specifically, it is preferable that the chief ingredient of the porous 
honeycomb segments 2 be made of SiC as well as any one of a ceramic, a Fe-Cr-Al 
group metal , a nickel group metal and metal Si , the ceramic which is selected 
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out of silicon carbide, silicon nitride, cordierite, alumina, muraite , 
zirconium, zirconium phosphate, aluminum titanate and titanium as well as 
a group consisting of these compounds , from viewpoints of strength and heat 
resistance of the honeycomb segments. In this respect, the chief ingredient 
means an ingredient which takes up 80 mass % or more of the overall ingredients , 
and which is a main crystal phase. 

Furthermore, with regard to the present invention, in a case where 
the honeycomb segments 2 are made of metal Si and SiC, it is preferable that 
a Si content defined by Si/ (Si+SiC) be 5 to 50 mass % , and it is more preferable 
that the Si content be 10 to 40 mass %. The reasons for this are as follows. 
If the Si content is less than 5 mass % , it makes it difficult to obtain effects 
of addition of Si . If the Si content exceeds 50 mass %, it makes it difficult 
to obtain effects of thermal resistance and high thermal conductivity, which 
are characteristics of SiC. 

No particular limitation is imposed on adhesive of which the adhesive 
layer 3 is formed. However, publicly-known adhesive may be used as long as 
the adhesive agrees with a material used for the honeycomb segments 2 . In 
a case where the honeyccorib segments 2 are made of metal Si and SiC, it is 
preferable that the adhesive be also made of a material containing at least 
one of metal Si and SiC . It is desirable that the adhesive be ceramic adhesive 
to be obtained by mixing, for example, inorganic fiber such as ceramic fiber, 
inorganic powder such as ceramic powder, organic/ inorganic binder, and the 
like together. Moreover, it is preferable that the adhesive be made of 
adhesive containing a sol substance such as Si sol. Additionally, adhesives 
of a plurality of kinds may be used. In this case, it is also preferable 
that the adhesive layer 3 is formed of a plurality of layers . In a case where 
the adhesive layer 3 is formed of the plurality of layers , it is also preferable 
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that compositions respectively of the adhesive layers in contact with the 
two honeycomb segments 2 be closely similar to a composition of the honeycomb 
segments 2, and that accordingly the compositions respectively of the 
plurality of the adhesive layers be changed one from another by causing one 
of the plurality of the adhesive layers to include a higher content of one 
of the ingredients. 

The protrusion portions 4 are formed in high density by use of the 
almost same material as is used for the honeycomb segments 2 and the adhesive 
layer 3. Considering that the ceramic honeycomb structure bodies 1 and 10 
are exposed to high temperature while being used, use of organic materials 
and metals is not preferable, since the organic materials and the metals are 
burned out, melt or evaporate at the high temperature . If the protrusion 
portions 4 are formed by use of the almost same material as is used for the 
honeycomb segments 2 and the adhesive layer 3 , the protrusion portions 4 have , 
for example, a thermal expansion coefficient and a thermal conductivity 
coefficient, both of which are almost equal to those respectively of the 
honeycomb segments 2 and the adhesive layer 3. This makes it possible to 
inhibit occurrence of thermal stress even in an environment involving the 
repetition of heating and cooling. For this reason, it is preferable that 
the protrusion portions 4 are formed by use of the same material as is used 
for the honeycomb segments 2 and the adhesive layer 3. In addition, if the 
protrusion portions 4 are formed in high density, movement of the moisture 
from the adhesion layer 3 can be precluded by the protrusion portions 4. 

In the case of the honeycomb structure body 1 , the protrusion portions 
4 are fixed to the adhesion surface 2a of one of the two honeycomb segments 
2 (see Fig. 4A) . In the case of the honeycomb structure body 10 , the protrusion 
portions 4 are fixed to both of the adhesion surfaces 2a and 2b respectively 
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of the two honeycomb segments 2 and 2 (see fig. 4B) . 

Specifically, the protrusion portions 4 can be fixed to the adhesion 
surface 2b (or 2a) of one of the two honeycomb segments 2 through the following 
process. A base layer is foimed on the adhesion surface 2b (or 2a) . Then, 
an equivalent to the adhesive layer 3 to be applied later is applied onto 
the base layer with a desirable thickness and in desired positions. 
Thereafter, the base layer and the equivalent to the adhesive layer 3 are 
heated and dried. 

In addition, the protrusion portions 4 are arranged on the adhesion 
surface of the honeycomb segment 2 in the following manner. Figs. 5A to 6C 
respectively show examples of arrangement of the protrusion portions 4 . In 
addition, each of Figs. 5A to 6C shows planar shapes respectively of the 
protrusion portions and a positional relationship among the protrusion 
portions no matter which adhesion surface, out of the two adhesion surfaces 
respectively of the two honeycomb segments 2 and 2 , the protrusion portions 
4 may be fixed to. In Figs. 5A to 6C, the protrusion portions 4 are shadowed 
by oblique lines. 

In other words, each of the protrusion portions 4 is shaped like a 
circle in terms of its planar shape in Fig. 5A. Two protrusion portions are 
fixed to each of the two opposite end sides of one of the two honeycomb segments 
2 in the longitudinal direction. In Fig. 5B, each of the protrusion portions 
4 is shaped like a rectangle, whose width is equal to that of one of the two 
honeycomb segments 2 , in terms of its planar shape . One protrusion portion 
is fixed to each of the two opposite end sides of one of the two honeycomb 
segments 2 in the longitudinal direction. In Fig. 5C, each of the protrusion 
portions 4 is shaped like a rectangle, whose width is equal to that of one 
of the two honeycomb segments 2 , in terms of its planar shape. A large number 
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of protrusion portions 4 (seven protrusion portions in this example) are fixed 
to one of the two honeycomb segments 2 at approximately equal intervals in 
the longitudinal direction of the honeycomb segment 2. 

Additionally , in Fig. 6A, each of the protrusion portions 4 is shaped 
like a band, whose length is equal to that of one of the two honeycomb segments 
2 in the longitudinal direction, in terms of its planar shape. One protrusion 
portion is fixed to each of the two opposite end sides of one of the two 
honeycomb segments 2 in the width direction. In this case, an effect can 
be expected, in which the two end side portions of the honeycomb segment 2 
in the width direction block cracks which would otherwise develop in the width 
direction of the. honeycomb segment 2. 

In Fig. 6B, each of the protrusion portions 4 is shaped like a band, 
whose length is equal to that of one of the two honeycomb segments 2 in the 
longitudinal direction, in terms of its planar shape. A large number of 
protrusion portions (four protrusion portions in this example) are fixed to 
one of the two honeycomb segments 2 at approximately equal intervals in the 
width direction of the honeycomb segment 2. In this case, an effect can be 
expected, in which the two end side portions and middles of the honeycomb 
segment 2 in the width direction block cracks which would otherwise develop 
in the width direction of the honeycomb segment 2. 

In Fig. 6C, each of the protrusion portions 4 is shaped like a small 
square in terms of its planar shape. A large number of protrusion portions 
(30 protrusion portions in this example) are fixed to the entire adhesion 
surface of one of the two honeycomb segments 2 in a staggering manner. In 
this case , an effect can be expected, in which middles of the honeycomb segment 
2 in both the width and the longitudinal directions block cracks which would 
otherwise develop in the honeycomb segment 2. 



14 



In the case of the ceramic honeycomb structure body 10, as shown in 
Fig. 7A, the two honeycomb segments of which are configured in the 
aforementioned manners, development of cracks a which have been caused in 
the adhesive layer 3 are blocked when the cracks reach the protrusion portions 
4. This blockage can preclude the crack frcm developing into splits. 
Similarly, the protrusion portions 4 can block development of cracks, and 
this blockage can preclude the cracks frcm developing into splits, in the 
case of the ceramic honeycomb structure body 1. 

In addition, as shown in Fig. IB, a thicker portion 3a of the adhesive 
layer 3 formed between the adhesion surfaces respectively of the two honeycomb 
segments 2 and 2 as well as a thinner portion 3b of the adhesive layer formed 
between one of the protrusion portions 4 and its corresponding part of the 
adhesion surface are fabricated repeatedly in the adhesion layer 3 of the 
ceramic honeycomb structure body 1. An interface B with high adhesive 
strength (shadowed by oblique lines in Fig. 7B) appears in an interface between 
each thick portion 3a and its corresponding portion of the adhesion layer 
of one of the two honeycomb segments 2 on which the adhesion layer 3 is formed. 
An interface B with high adhesive strength appears in an interface between 
each thinner portion 3b and its corresponding portion of the adhesion layer 
of the other honeycomb segment 2 , the corresponding portion being opposite 
to one of the protrusion portions 4. "One of the two honeycomb segments 2 
on which the adhesive layer is formed" means the honeycomb segment 2 having 
the protrusion portions 4 (the honeycomb segment 2 at the bottom in Fig. 7B) . 

In general, adhesive strength of the adhesive layer 3 can be improved 
as described above, in the cases of the ceramic honeycomb structure bodies 
1 and 10. This is because the protrusion portions 4 block the development 
of the cracks a, and because the protrusion portions 4 cause the interface 
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B with high adhesive strength to appear in the adhesion surfaces respectively 
of the honeycomb segments 2 and 2. 

Furthermore, in the cases of the ceramic honeycomb structure bodies 
1 and 10, it is preferable that the thickness tl of each of the protrusion 
portions 4 as shown in Fig. 4A be 0 . lirm to 3 . Orrm, and that the adhesive layer 

3 be formed in a way that the adhesion width T of the adhesive layer 3 totaling 
the thickness t2 of each part of the adhesive layer 3 in which to fix one 
of the protrusion portions 4 and the thickness tl of the protrusion portion 

4 is 0.2mm to 4.0mm. The thickness t2 is a thickness of the thinner portion 
3b. 

This configuration makes it possible to avoid increase in pressure 
loss while the ceramic honeycomb structure bodies 1 and 10 are being used, 
and concurrently to improve the adhesive strength of the adhesive layer 3 . 
It is not preferable that a total of the thickness of the adhesive layer 3 
and the thickness of each of the protrusion portions 4 is too large. This 
is because it increases the pressure loss of each of the honeycomb structure 
bodies 1 and 10. It is not preferable that the total of the thickness of 
the adhesive layer 3 and the thickness of each of the protrusion portions 
4 is too small. This is because it reduces the adhesive strength of each 
of the honeycomb structure bodies 1 and 10. 

Next, descriptions will be provided for a method of manufacturing 
the ceramic honeycarrib structure bodies 1 and 10. 

In the method of manufacturing the honeycomb structure bodies 
according to the present invention, first of all, a honeycomb segment 2 is 
formed. No specific limitation is imposed on a process of manufacturing the 
honeycomb segment 2. In general, a method of manufacturing what includes 
a ceramic honeycomb structure body can be used for the process of manufacturing 



16 



the honeycomb segment 2 . The honey cento segment 2 can be manufactured through 
the following process. 

What are used as the materials for the honeycomb segments 2 are SiC 
as well as any one of a ceramic , a Fe-Cr-Al group metal , a nickel group metal 
and metal Si, the ceramic which is selected out of silicon carbide, silicon 
nitride, cordierite, alumina, muraite, zirconia, zirconium phosphate, 
aluminum titanate and titania as well as a group consisting of these compounds . 
Binder such as methylcellulose and hydroxypropoxyl methyl cellulose , a 
surf ace-active agent , water and the like are added to the materials . Thereby , 
a plastic ceramic body material is made. 

This ceramic body material is molded, for example by an extrusion 
molding process , into honeycomb molded bodies having a large number of the 
circulation holes 102 which are partitioned from one another by partition 
walls , which penetrate through the honeycomb molded body in their respective 
axial directions (see Fig. 1) . 

The honeycomb molded bodies are dried, for example, by use of 
microwaves, hot air or the like. Thereafter, the honeycomb molded bodies 
are fired. Thereby, the honeycomb segments 2 as shown in Fig. 1 can be 
fabricated. 

In the case of the present invention, after the honeycomb segments 
2 are fabricated, the protrusion portions 4 are fixed to the adhesion surfaces 
respectively of these honeycomb segments 2. Thereafter, the honeycomb 
segments 2 to which the protrusion portions 4 have been fixed are adhered 
with each other, and accordingly the honeycomb segments 2 are united into 
a single body. The manufacturing method according to the present invention 
features the process from the step of fixing the protrusion portions 4 to 
the honeycomb segments through the step of adhering the honeycomb segments 
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with each other and uniting them into the single body. 

First, descriptions will be provided for the step of fixing the 
protrusion portions 4 to the honeycomb segments . When the protrusion portions 
4 are intended to be fixed to the adhesion surface (s) , a pattern in which 
the protrusion portions 4 are arranged is selected out of the patterns as 
shown in Figs. 5A to 6C depending on the necessity. This step is a step of 
fixing the protrusions 4 onto the adhesion surface 2b (or the adhesion surface 
2a, or both of the adhesion surfaces 2a and 2b) . An agent for foiming the 
protrusion portions 4 is arranged in each of predetermined parts of the 
adhesion surface 2b (or the adhesion surface 2a, or both of the adhesion 
surfaces 2a and 2b) to which to form the respective protrusion portions 4 
in a predetermined amount, and is heated and dried. This enables the 
protrusion portions 4 to be fixed to the adhesion surface 2b (or the adhesion 
surface 2a , or both of the adhesion surfaces 2a and 2b) .. It is preferable 
that the agent for foiming the protrusion portions 4 be fluid, and that the 
fluid agent for forming the protrusion portions 4 be arranged in the 
predetermined parts , thereafter hardened, and thereby fixed to the adhesion 
surface (s) . It is preferable that the method of arranging the agent for 
forming the protrusion portions 4 in the predetermined parts be a method of 
arranging the agent in the predetermined parts of the adhesion surface (s) 
in the predetermined amount, for example, by use of a pump which can always 
discharge the agent in a certain amount. It is preferable that the method 
of fixing the arranged spots of the agent for forming the protrusion portions 
4 to the adhesion surface (s) and thereby forming the protrusion portions 4 
be a method of fixing the arranged spots of the material for forming the 
protrusion portions 4 to the adhesion surface (s) by means of a heating process 
and a drying process. In order to carry out the method, a variety of 
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ccmmonly-us ed heating systems , drying systems and thermal drying systons can 
be used. In this regard, it is preferable that the arranged spots of the 
agent for forming the protrusion portions 4 be heated and/or dried while being 
pressurized in order that the protrusion portions 4 may be formed with the 
predetermined thickness. Incidentally, if necessary, a base agent may be 
applied to the adhesion surface 2b (or the adhesion surface 2a, or both the 
adhesion surfaces 2a and 2b) by use of a spraying process before the agent 
for forming the protrusion portions 4 are arranged. The application of the 
a base agent makes it possible to improve the adhesive strength with which 
the adhesion surface and each of the protrusion portions 4 are adhered to 
each other. 

Next, descriptions will be provided for the step of adhering the 
honeycomb segments to each other and uniting them into a single body. In 
this step, as shown in Fig. 5, the adhesive is applied to the adhesion surface 
2b in a way that the protrusion portions 4 are embedded in the adhesive, and 
thereby the adhesive layer 3 is formed, in the case where the protrusion 
portions 4 are fixed to only the adhesive surface 2b out of the opposing 
adhesion surfaces 2a and 2b respectively of the two honeycomb segments 2 and 
2, which are adhered with each other. Otherwise, as shown in Fig. 8B, the 
adhesives are applied respectively to the adhesion surfaces 2a and 2b in a 
way that the protrusion portions 4 fixed to the adhesion surface 2a are 
embedded in the adhesive applied to the adhesion surface 2a and the protrusion 
portions 4 fixed to the adhesion surface 2b are embedded in the adhesive 
applied to the adhesion surface 2b, and thereby the adhesive layer 3 is formed, 
in the case where the protrusion portions 4 are fixed to both the opposing 
adhesion surfaces 2a and 2b respectively of the two honeyccmb segments 2 and 
2 , which are adhered with each other . In both cases , after the adhesive layer 
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3 is formed , the two honeycomb segments are pressed against each other , with 
the adhesive layer 3 interposed between the two honeycomb segments, in a 
direction which makes the gap between the opposing adhesion surfaces 2a and 
2b narrower (in a direction indicated by arrows P in Figs. 8A and 8B) . Thus, 
the two honeyccmb segments are adhered to each other . Furthermore , a stronger 
adhesive strength can be obtained depending on the type of the adhesive, if 
the honeycomb segments thus adhered to each other are additionally dried 
and/or fired. "The adhesive is applied in a way that the protrusion portions 

4 are eribedded in the adhesive" means that the adhesive is applied in an amount 
which causes the entire shape of each of the protrusion portions 4 to be hidden 
in the adhesive layer 3. 

In the case of the manufacturing method shown in Fig. 8A, the protrusion 
portions 4 are formed in the adhesion surface 2b of one honeycomb segment 

2, and the adhesion surface 2a of the other honeycarib segment 2 is formed 
so as to be flat. In this case, the adhesive layer 3 is formed on only the 
adhesion surface 2b. The aforementioned ceramic adhesive agent can be used 
as the adhesive for the adhesive layer 3 in this case. After the adhesive 
layer 3 is formed, as shown by arrows w in Fig. 8A, moisture moves, through 
parts of the adhesion surface 2b to which to fix no respective protrusion 
portions 4, from the adhesive layer 3 to the honeycomb segment 2 to which 
the protrusion portions 4 have been fixed, until the other honeycomb segment 
2 is adhered thereto. At this time, in parts of the adhesion surface 2b to 
which to fix the protrusion portion 4 respectively, moisture movement w does 
not occur since the protrusion portions 4 block the moisture movonent w. 
Thereafter, the adhesion surface 2a is caused. to abut on the adhesive layer 

3, and thus the other honeycarib segment 2 is adhered thereto. Consequently, 
as shown in arrows w, moisture moves to the honeycomb segment 2 which has 
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just been adhered thereto frcm parts of the adhesive layer 3 corresponding 
to the parts of the adhesion surface 2 to which to fix the respective protrusion 
portions 4, through the adhesion surface 2a. In the case , of the ceramic 
honeycomb structure body 1 thus manuf actured, interfaces B with high adhesive 
strength (shadowed by oblique lines in Fig. 8A) appear in both of the adhesion 
surfaces 2a and 2b, stemming frcm the moisture movements indicated by the 
arrows w. 

In other words, an interface between each of the thicker portions 
of the adhesive layer and its corresponding part of the adhesion surface of 
the honeycomb segment to which the protrusion portions 4 are fixed (the 
honeycomb segment at the bottom in each illustration of Fig. 8A) is turned 
into the interface with high adhesive strength. An interface between each 
of the thinner portions of the adhesive layer and its corresponding part of 
the adhesion surface of the honeycomb segment to which no protrusion portions 
are fixed is turned into the interface with high adhesive strength. 

Moreover, in the case of the manufacturing method as shown in Fig. 
8B, the protrusion portions 4 are formed in the adhesion surfaces 2a and 2b 
respectively of the two honeycomb segments 2 and 2 . In this case, the adhesive 
layer 3 is formed on each of the adhesion surfaces 2a and 2b by applying the 
adhesive to each of the adhesion surfaces 2a and 2b in a way that the protrusion 
portions 4 fixed to the adhesion surface 2a are embedded in the adhesive 
applied to the adhesion surface 2a and the protrusion portions 4 fixed to 
the adhesion surface 2b are embedded in the adhesive applied to the adhesion 
surface 2b. After the adhesive layers 3 are formed, as shown by arrows w, 
moisture moves from the upper adhesive layer 3 to the upper honeycomb segment 
2 through parts of the adhesion surface 2a to which to form no respective 
protrusion portions , and moisture moves from the lower adhesive layer 3 to 
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the lower honeycomb segment 2 through parts of the adhesion surface 2b to 
which to form no respective protrusion portions. At this time, in parts of 
the adhesion surfaces 2a and 2b to which to fix the protrusion portion 4 
respectively , moisture movement w does not occur since the protrusion portions 
4 block the moisture movement w . Thereafter , the adhesive layers 3 are caused 
to abut on each other, and thus the two honeycomb segments 2 are adhered to 
each other. In the case of the ceramic honeycomb structure body 10 thus 
manufactured, interfaces B with high adhesive strength (shadowed by oblique 
lines in Fig. 8B) appear in both of the adhesion surfaces 2a and 2b, storming 
from the moisture movements indicated by the arrows w. 

An interface between each of the thicker portions of the adhesive 
layer and its corresponding part of the adhesion surface to which to fix no 
protrusion portion 4 is turned into the interface with high adhesive strength . 
In addition, an interface between each of the thinner portions of the adhesive 
layer and its corresponding part of the adhesion surface to which to fix no 
protrusion portion 4 is turned into the interface with high adhesive strength . 

In the case of the manufacturing method thus configured according 
to the present invention, the protrusion portions 4 block moisture movement 
w f ram parts of the adhesive layer 3 corresponding to the parts of the adhesion 
surface to which to fix the respective protrusion portions 4 toward one 
honeycomb segment 2 on which the adhesive layer 3 is formed. When the other 
honeycomb segment 2 is adhere thereto, moisture movement w to the honeycomb 
segment 2 occurs. The interface B with high adhesive strength is formed 
between each of the parts of the adhesive layer 3 corresponding to the parts 
of the adhesion surface to which to fix the respective protrusion portions 
4 and the adhesion surface 2a (or 2b) of the latter honeycomb segment 2 . In 
contrast to this , moisture movement w occurs from parts of the adhesive layer 
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3 to which to fix no respective protrusion portions 4 toward one honeycomb 
segment 2 on which the adhesive layer 3 is formed. Accordingly, the interface 
B with high adhesive strength are formed between each of the parts of the 
adhesive layer 3 to which to fix no respective protrusion portions 4 and the 
adhesion surface 2b (or 2a) of the honeycomb segment 2. 

In the case of the manufacturing method according to the present 
invention , the interfaces B with high adhesive strength can be realized in 
the adhesion surf aces 2a and 2b respectively of the two honeycomb segments 
2 and 2 , which are adhered to each other, by use of the protrusion proportions 
4. This makes it possible to improve adhesive strength of the adhesive layer 
3. 

Next, descriptions will be provided for an example of experiment on 
the adhesive strength of the adhesive layer 3. 
(Experimental Example 1) 

A honeyccrrib structure body S as a test sample was formed in the 
following steps. As shown in Fig. 9, the protrusion portions 4 was fixed to 
only one of the two honeycomb segments 2 in accordance with the arrangement 
example as shown in Fig. 5C, and the adhesion surface of the other honeycomb 
segment 2 was formed so as to be flat. The adhesive layer 3 was applied, 
with a thickness of 1mm, to the adhesion surface to which the protrusion 
portions 4 are fixed. Thereafter, the latter honeycomb segment 2 was adhered 
to the former honeycomb segment 2 . Then, the honeycomb segments 2 were dried 
at 100°C for 30 minutes while pressurized to l.Okgf/cm. The honeycomb 
structure body S as the test sample was formed so as to have the adhesive 
surface which was a rectangle with a length LI = 150mm and a width L2 = 35rrm. 
Each of the protrusion portions 4 was formed so as to be shaped like a rectangle , 
which had a length L2 = 35rtm and a width L3 = 10mm. Eight (8) protrusion 
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portions, were provided in the adhesion surface 4 with a clearance L4 = lOrrtn 
between each neighboring two of the protrusion portions 4. Incidentally, 
Fig. 9 shows only six (6) protrusion portions 4 for the sirrplification purpose. 

In addition, the honeycomb structure body S as the test sarrple was 
configured with the following thicknesses of each of the protrusion portions 
4: O.lnm (Exanple 1) , O.Srrm (Example 2) and l.Orrm (Exanple 3) . In this case, 
a honeycomb structure body which had no protrusion portions was used for 
Comparative Exanple . Except for the absence of the protrusion portions , the 
honeycomb structure body to be used for the comparative exanple was configured 
in the same conditions as the honeycomb structure body S as the examples was 
configured. 

Method for carrying out the experiment: As shown in Fig. 10, one of 
the two honeycomb segments 2 was supported by interposing the honeycomb 
segment 2 between the chucks G and G (the space therebetween was 35mm) , and 
pressure P was applied to the other honeycomb segment 2. Thereby, shearing 
strength of each of the honeycomb structure bodies was measured. 

Result of the experiment: The shearing strength of each of the 
honeycomb structure bodies respectively as Comparative Example, and Examples 
1 to 3 was measured five times. Table 1 shows the measurement values and 
the average values. 



TABLE 1 





THICKNESS (mm) 


SHEARING STRENGTH (kPa) 


AVERAGE 


COMPARATIVE 
EXAMPLE 


NO PROTRUSION PORTION 


163 


152 


157 


164 


148 


157 


EXAMPLE 1 


THICKNESS OF PROTRUSION 
PORTION OF 0. 1 


181 


190 


228 


215 


198 


202 
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EXAMPLE 2 


THICKNESS OF PROTRUSION 
PORTION OF 0.5 


315 


306 


310 


346 


322 


320 


EXAMPLE 3 


THICKNESS OF PROTRUSION 
PORTION OF 1 . 0 


192 


213 


143 


226 


184 


192 



As clearly understood frcm Table 1, the honeycomb structure body 
exhibited sufficient strength in the case where the protrusion portions 4 
had the thickness set for Exairple 2. Strength exhibited by the honeycomb 
structure body with no protrusion portions 4 (Comparative Example) was lower 
than those exhibited respectively by the other honeycomb structure body with 
the protrusion portions 4 (Examples 1 and 3) . As a consequence, it can be 
understood that the honeycomb structure bodies with the protrusion portions 
4 have higher strength than the honeycomb structure body with no protrusion 
portions 4. 
(Experiment 2) 

A honeycomb structure body SI as a test sample was formed by uniting 
test pieces sll and sl2, each measuring 71irrrPG0rmi*15nin, with the adhesive 
layer 3 interposed between the test pieces, as shown in Fig. 11A. In the 
illustration representing this honeycomb structure body SI , reference symbol 
C denotes a coated interface; and D, an adhered interface. 

Test pieces s21 and s22 , each measuring 71irnK30rmiKl5rrrn, were used for 
a honeycomb structure body S2 as a test sanple. The honeycomb structure body 
S2 was formed by fixing the protrusion portion 4 to the test piece s21 , and 
by uniting the protrusion portion 4 and the other test piece s22 with the 
adhesive layer 3 interposed between the protrusion portion 4 and the test 
piece s22, as shown in Fig. 11B. 

Figs. 11A and 11B, a length L5 was 711ml, and a length L6 was 30rrm. 
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In the illustration representing the honeycomb structure body S2 as 
the test sample, reference symbol D denotes an adhesive-segment interface; 
E, a segment-protrusion portion interface; and F, a protrusion 
portion-adhesive interface. 

Method of Carrying out the Experiment: When a three-point bending-strength 
measuring method was performed on the honeyccarib structure body shown in Fig. 
11A, load P was imposed on the center portion of the adhesive layer 3, and 
thereby strength was measured (Level 1) . When the three-point 
bending-strength measuring method was performed on the honeyccarib structure 
body shown in Fig. 11B, load P was imposed on the protrusion portion-adhesive 
interface F (Level 2) . 

Result of the Experiment: The strengths respectively in the cases of Levels 
1 and 2 were measured ten times . Table 2 shows the measurement values , the 
maximum values, the minimum values, the average values and the standard 
deviations 
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TABLE 2 



P BENDING STRENGTH (kPa) 


b 


20.5 




23.2 




AVE 


60.7 




CM 

m 

iH 




min 


CM 
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CD 
ID 
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THRE1 


i-H 


CM 
CM 


a 


CM 
t-H 
t-H 


Q 




*BER 


PORTIONS 
ADHERED IN 
CONVENTIONAL 
MANNER 

(INCLUDING NO 

PROTRUSION 

PORTION) 


PART BROKEN 


PORTIONS 
INCLUDING 
PROTRUSION 
PORTIONS 


PART BROKEN 


SAMPLE NUI 


LEVEL 1 


LEVEL 2 



27 



As clearly understood from Table 2, the adhesive-segment interface 
D was broken in terms of the adhesive strength to be applied in the case 
of Level 1 including no protrusion portions 4 (Fig. 11A) . In the case of 
Level 2 including the protrusion portions 4 (Fig. 11B) , there existed an 
interface with high adhesive strength, and accordingly, in some cases, the 
protrusion portion-adhesive interface F was likely to be relatively weak 
so that the protrusion portion-adhesive interface F was broken. Comparison 
between Levels 1 and 2 showed that Level 2 including the protrusion portions 
4 had a higher strength than Level 1 including no protrusion portions 4 had 
in terms of all of the maximum value , minimum value and average value . As 
a consequence, it can be understood that, preferably, the protrusion portions 
4 are provided to the honeycomb structure body so as to improve the adhesive 
strength 

Industrial -Applicability 

According to the first characteristic of the present invention, the 
ceramic honeycomb structure body can be provided, where the development of 
cracks and the movement of moisture from the adhesive layer are inhibited 
as much as possible, and where accordingly the adhesive strength of the 
adhesive layer can be improved . 

According to the second characteristic of the present invention, the 
material for the protrusions can be made as suitable as possible, and 
accordingly the material for the protrusions free from defects and 
high-temperature physical properties of the ceramic honeycomb structure body 
and the adhesive can be obtained in addition to the effects of the present 
invention as described in claim 1. 

According to the third characteristic of the present invention, the 
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protrusions can be arranged between each neighboring two of the honeycomb 
segments , and concurrently the adhesive layer between each neighboring two 
of the honeycotib segments can be caused to have a desired thickness , 
accordingly enabling the pressure loss to be inhibited from increasing and 
enabling the adhesive strength of the adhesive layer to be improved in 
addition to the effects of the present invention as described in any one 
of claims 1 and 2. 

According to the fourth characteristic of the present invention , the 
ceramic honeycotib structure body including the first characteristic of the 
present invention can be manufactured securely. 

According to the fifth characteristic of the present invention , the 
interface with high adhesive strength can be formed between each of the 
portions of the adhesive layer , corresponding to one of the parts of one 
adhesion surface to which to fix the protrusion portions , and the other 
adhesion surface; the interface with high adhesive strength can be formed 
between each of the portions of the adhesive layer including no protrusion 
portions and the former adhesion surface; concurrently the protrusions can 
preclude the development of cracks; and accorxiingly the ceramic honeycorib 
structure body can be manufactured securely, where the adhesive strength 
of the adhesive layer is improved , in addition to the effects of the present 
invention as described as the fourth characteristic. 

According to the sixth characteristic of the present invention, the 
interface with high adhesive strength is formed in an interface between each 
of the portions of the adhesive layer corresponding to the parts of the 
adhesion surface to which to fix the protrusion portions respectively and 
each of the parts of the adhesion surface opposite to the protrusion portions ; 
the interface with high adhesive strength is formed in an interface between 
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each of the portions of the adhesive layer including no protrusion portions 
and the adhesion surface to which the adhesive is applied; concurrently the 
protrusion portions can inhibit the development of cracks ; and accordingly 
the ceramic honeycomb structure body can be manufactured securely, where 
the adhesive strength of the adhesive layer is improved, in addition to the 
effects of the present invention as described as the fourth characteristic. 



